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(57) Abr6g6/Abstract 

Hydrocari3onaceous fuels and addilive composilions therefor which comprise: a) one or more fuel-soluble manganese carbonyl 
compounds; b) one or more fuel-doluble alkali or alkaline earth metal-containing neutral or basic detergent salts; and c) one or 
more fuel-soluble metal deactivators of the chelation type. These compositions preferably contain, in addition to components a), 
b) and c) above, one or more of the following: d) at least one fuel-soluble ashless dispersant; e) at least one fuel-soluble 
demulsliying agent; and f) at least one aliphatic or cycloallphalic amine. Component c) enhances the stability of fuel 
compositions containing at least components a) and b). The compositions possess improved combustion characteristics (e.g., 
formation of less soot, smoke, carbonaceous products and/or noxious emissions), and form on combustion carbonaceous 
products of reduced acidity. The deposition of sludge on crilical engine or burner parts or surfaces is reduced and the fuels have 
improved demulsibility characteristics. And the fuel composilions can result in decreased fuel consumption in diesel engines. 
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HYDRQCARBQNACEQILS FUEL COMPOSmONS AND 
ADDirrVES THEREFOR 

Hydrocarbonaoeous ftiels and additive conqMsittons therefor which comprise: 
a) one or more fiiel-soluble manganese carbonyl compounds; b) one or more fuel- 
soluble alkali or alkaline earth metal-oontaining neutral or basic deteigent salts; and 
c) one or more fuel-soluble metal deactivatois of the chelation type. These 
compositions preferably contain, in addition to components a), b) and c) above, one 
or more of the following: d) at least one fuel-soluble ashless dispersant; e) at least 
one fuel-soluble demulsifying agent; and f) at least one aliphatic or cydoaliphatic 
amine. Component c) enhances the stability of fuel compositions containing at least 
components a) and b). The compositions possess improved combustion characteris- 
tics (e.g«« formation of less soot, smoke, carbonaceous products and/or noxious 
emissions^ and form on combustion carbonaceous products of reduced acidity. The 
deposition of sludge on critical engine or burner parts or surfaces is reduced and the 
fuels have improved demulsibility characteristics. And the fiiel compositions can 
result in deoreased fuel consumpdon in diesel engines. 
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WYDRncARBONArpnTis FLiFT roMPasmONS ANP. 

AnnmVRS THEREFOR 

This invention relates to liquid fuel compositions of enhanced properties, 
pardcularly as regards combustion and stability characteristics. 

S Heretofore certain or^uiometallic compounds have been found effective as 

combustion improvers for distillate fuels such as home heating oils and the like* For 
example U^. Pat. No. 3,112»789 describes the use of grdopentadienyl maoganese 
tricarbonyls for this purpose, and the compound methylcyclopentadienyl manganese 
tricarbonyl (MMT) has been sold in the form of a solution in a hydrocarbon diluent 

10 as a combustion improver for distillate fuels of this type. Bis(cyclopentadienyl) iron 
has also been promoted and sold as a combustion improver for use in such fuels. 

Keszthelyi et al report in Period. Po^tech.- Chem, Eng., Volume 21(1), pages 
79-93 (1977) that in the combustion of light fuel oils in evaporating burners, O.02S9& 
cyclopentadienyl manganese tricarbonyl was effective for soot reduction. And in 

15 MargantsBvye AntidetonatoTv. edited by A. N, Nesmeyanov, Nauka, Moscow, 1971, 
at pages 192^199, Makhov et al report test work indicating that addition of 
<yclopentadienyl manganese tricarbonyl to diesel fuel reduces the level of smoldness 
of the exhaust gases. 

Zubarev et al in Rvfan. Khoz. (Moscowy Volume 9, pages 524 (1977), report 

20 test results on the addition to a fuel mixture of diesel fuel and marine residual fuel 
of cyclopentadienyl manganese tricarbonyl (CMT) alone or in a blend containing "a 
scavenger and a sohrent*. It is Indicated that the CMT alone reduced carbon dq)06its 
on the intake valves but not on other engine surfaces, and that it reduced smoke. 
The CMT blend (HTsS") is reported to have reduced carbon depoution more 

25 effectively, especially on the intake valves, cylinder bead and piston head 

Canadian Patent No* 1,188,891 describes an additive for fuel oils and diesel 
fuels and other liquid oombusdbles and motor fuels designed to improve combustion, 
reduce soot formation and enhance storage stability. Such additive is composed of 
at least one oil*soluble or oil-dispersible organic compound of a transition metal or 

30 an alkaline earth metal; and at least one oxidation and polymerisation inhibitor for 
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hydrocarbons stable at temperatures of at least 300* C According to the patentee, 
the presence in such fuels of compounds of transition metals such as copper, 
maz^anese, cobalt, nidcel and iron accelerate fuel deterioration in accelerated 
stabill^ tests conducted at 149 *C in the presence of air Such compounds as MMT, 
Ferrocene, copper napbthenate, iron naphthenate. and manganese naphthenate are 
indicated to cause such deterioration in the absence of a high temperature (e.g^ 
300 'C) stabiliser such as heat-stable all^l phenols, amines, aminophenols, 
dithiophosphates, dithiocazbamates and imidazoles and inorganic inhibitors in the 
form of oxides or hydroxides of aluminum, magnesium or silicon, EP 0078249 Bl is 
to the same general effect, and indicates that the additive may be a comUnation of 
a transition metal compound and an alkaline earth metal compound, as well as either 
such compound separately, 

O JS. Patent No. 1,413323 describes a nmlti-component diesel fiiel additive to 
avoid or reduce the formation of deposits on injector parts. The additive comprises^ 
inter alia, an ester of oleic or naphthenic add having an add number below 200; a 
naphthenic add ester of cresol; an alko^ll^l ester of an aliphatic carixu^Uc acid; 
an organometallic tricarbon^ cyclopentadiene compound such as cydopentadienyl 
manganese tricarbonyl; an amide derivative of a polyolefin obtained by the reaction 
of a polyolefin substituted suodnic add or anhydride with a polyamine; a copolymer 
of ethylene and a vinyl (or faydrocarbyl-substituted vli^l) ester of a carboxylic add 
wheiein the copolymer has a number average molecular weight of more than 3000; 
a re-odoriser composed of a mixture of natural and synthetic alcohols, ketones and 
ethers; kerosene; and a petroleum distillate. 

U.S. Pat No. 4,505,718 describes compositions comprising the combination of 
a transition metal salt such as a manganese carborylate, and an ashless hydrocarbon- 
soluble ashless dispersant An optimum balance between benefidal and deleterious 
effects is said to be achieved in oils of lubricating viscosi^ and hydrocarbon fuels. 

Additive compositions based on or including one or more fuel-soluble 
manganese caibonyl compounds and one or more fiiei-soluble alkali and/or alkaline 
earth metal-containing detergents have been found in these laboratories to provide 
excellent inxprovements in the combustion characteristics of various hydrocarbon- 
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aceous fiieb. Unfortunately* in many cases such additive combinations can cause fiiei 
destabQisation - i.e^ the additives can cause the bydrocarbonaceous &el with which 
they are blended to be less stable on exposure to air or oxygen at elevated 
temperatures than the fuel would be absent such additives. 

Thus a need has arisen for an effective way of preventing sudi fiiel 
destabilisation without interfering with the combustion-enhancing effectiveness of 
such additive combinations and without materially increasing the cost of the additive 
combinations. This Invention is deemed to fulfill this need in a most efficacious 
manner. 

In accordance with this invention destabilisation of liquid bydrocarbonaceous 
fuels containing a combination of at least one fuel-soluble mai^ganese carbonyl 
compound and at least one fuel-sohible alkali or alkaline earth metal-containing 
detergent is inhibited by inclusion in the fuel of at least one fuel-soluble metal 
deactivator of the chelation type, i.e., a metal deactivator capable of complexing 
dissolved metals or metal ions. 

Thus in one of its embodiments this invention provides an additive 
composition for hydrocarbonaceous fuels. Such additive composition comprises: 

a) one or more &iel-soluble manganese carbonyl compounds; 

b) one or more fuel-soluble alkali or alkaline earth metal-containing 
detergents - e.g*, one or more neutral or basic alkali or alkaline earth 
metal salts of at least one sulphonic add, and/or at least one carboxylic 
acid, and/or at least one salicydic.add, and/or at least one alkylphenol, 
and/or at least one sulphurised alkylphenol, and/or at least one organic 
phosphorus acid having at least one caibon-to-phosphorus linkage; and 

c) one or more fuel-soluble metal-deacdvators of the chelation type. 
ITie additive compositions are thus composed of three different types of essential or 
indispensable ingredients, namely, components a), b), and c). 

In another of its embodiments, this invention provides a fitel composition 
which comprises a major amount of a liquid hydrocarbonaceous fiiel containii^ a 
minor combustion-improving amount of components a), b) and c) as just described* 

Pursuant to preferred embodiments of this invention, the addidve 
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compositions and fuel oompositions are essentially balogen*free, that is, tb^ contain 
no more than 10 ppm of halogen* if any. 

Preferred manganese carbonyl compounds - con^nent a) above - are 
qrciopentadienyl manganese tricarboi^l compounds. The preferred component b) 
salts are the sodium^ potassium* calcium and magnesium salts of sulphonic adds, of 
alfcylphenols, of sulphurised alkylphcnols, and of carboxylic adds, e^dally aromatic 
carboiQrlic adds. Preferred metal deactivators for use as component c) are 
fuel-soluble Sdiiff bases having one or more chelation centers of the formula 




The aromatic ring m the above formula can be further substituted or it can be 
unsubstituted, and if substituted can contain from 1 to 4 substituents (other than 
hydrogen atoms), which can be organic or inorganic of any types provided such 
substituent or plurality of substituents does not interfere with the obility of the metal 
deactivator to complex with dissolved metals or metal ions and does not otherwise 
render the metal deactivator unsuitable for use as, for example, by rendering It 
unstable, pyrophoric, highly toxic, explosive or fuel-insoluble. In other words, any 
such substituent(s) on the ring should be innocuous. 

A feature of this invention is the discovery that the metal deactivator can 
effectively inhibit fuel destabilisation even when present in the fuel in less than 
equimolar quantity with respect to either the manganese carbonyl compound(s) or 
the metal detcrgent(s) present therein. Another feature of this invention is the 
discovery that the metal deactivator can effectively inhibit fiiel destabilisation while 
in the presence of still other addith^e components, such as ashless dispersants, amine 
stabilisers, and demulsifying agents. 

Compositions for use in heating gas oils and similar burner fuels preferably 
contam, in addition to components a), b) and c) above, one or more of the following: 

d) at least one ashless dispersant; 

e) at least one fuel-soluble demulsifying agent; and 

f) at least one aliphatic or cydoaliphatic amine. Compositions for use in 
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road diesel fuels and similar middle distillate fuels preferabfy contain, 
in addition to components aX b) aiul c) above, component A\ namefy, 
at least one ashless dispersant and/or conq^onent e), iiame^» at least 
one fuel-sohible demulsifying agent 

The above and other embodiments and features of this invention vAl beoome 
apparent from the ensuing description and £^pended claims. 

As used herein the term *fuel-soluble* means that the compound or com- 
ponent under discussion has suffident solubility at ordinary ambient temperature in 
the hydrocarbonaceous fuel in which it is to be used to provide a homogeneous 
solution containing the conq>ound or component in at least the lowest concentration 
of the concentration ranges specified herein for such compound or component 

Manganese garbonyl COmpQimds^ The manganese compounds - component 
a) - of the compositions of this invention are diaracterised by behig fiid sohiUe and 
by haviiQ at least one carbonyi group bonded to a nuuQganese atom. 

The most desirable general type of manganese caibon^ compounds utilised 
in accordance with this invention conqirise organomaqganese pol^carboiqfl com- 
pounds. For best results, use should be made of a cydopentadieDyl manganese 
tricarb<»iyl compound of the type desoibed in U. & Pat, Nos. 2»81^417 and 
3»1273SL Urns use can be made of such conqpounds as cydc^entadiei^l manganese 
tricarbon^ metbylcydopentadienyl manganese tricarbon^ eth^cydopentadieiiyl 
manganese tricarbonyl, dhneth^cydppentadien^ manganese tricarboivl, trimeth]4- 
^dopentadlenyl manganese tricarbooyl, propylcyd<q>entadienyl manganese tricar- 
bonyl, isqpropjdcydopentadienyl manganese tricaibonyl, butylcydopeniadienyl 
manganese tricarboi^I, pentylcydopentadiei^ manganese tricarbonyl* hex^do- 
pwtadienyl manganese tricaxbonyl» ethyhnetbyl^clopentadieiyl manganese tricar^ 
bonyi, dimetl^loctyicydopentadienyl manganese trfcarbonyl, dode^cydopentadienyl 
man^mese tricarbonyl, indenyl manganese tricarbonyl, and like compounds in which 
the cyclopentadienyl moie^ comains up to about 18 carbon atoms. 

A preferred organomang^ese conqN>und is cydopentadien^ manganese 
tricarbonyL Particularly preferred for use in the practise of this invention is 
metfaylcydopentadienyl manganese tricarboiqrL 
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Methods for the synthesis of cydopentadienyl manganese txicarbonyk arc well 
documented in the literature. See for example, in addition to U. S. Pat Nos. 
2.818.417 and 3,127351 noted above, U. S. Pat Nos. 2,868316; 2,898354; 2,960514; 
and 2,987329, among others. 

5 Other less preferable organomanganese compounds v^di may be employed 

include the non-ionic diamine manganese tricarbonyl halide compounds such as 
bromo manganese dianillne trlcarboi^l and bromo manganese dipyridine tricarboi^ 
described in U. S. Pat Na 2,902,489; the acyl manganese tricaibonyls such as 
methylace^l cydopentadienyl manganese tricarbonyl and benzoyl methyl cydo- 

10 pentadiei^l mapganese tricarbonyl, described in U. S. Pat No. 2,959,604; the azyi 
manganese pentacarbot^ls sudi as phenyl manganese pentacarbonj^ described in U. 
S« Pat No. 3,007,953; and the aromatic ^anomanganese dicarbonyls such as 
mesitylene ^anomanganese dicarboi^l, described in U. S. Pbt No. 3,042,693. 
likewise, use can be made of cydopentadienyl manganese dicarbonyl compounds of 

IS the formula HMn(lOO)jU where R is a substituted or unsubstituted cyclopentadieivl 
group having 5 to 18 carbon atoms, and L is a Ugand, such as an olefin, an amine, 
a phosphine, SOj, tetrabydrofiuran, or the like. Such compounds are referred to, for 
example in, Herberhold, Nt, Metal r^Cnmplexes. Vol. II, Amsterdam, Hsevier, 1967 
or Giordano, P. J. and Weigbton, M.S., Innrg. Chem.. 1977. 16, 160. Manganese 

20 pentacarbonyl dimer (dimanganese decaibonyl) can also be employed if desired 
Metal-containing detergents. The metal-containing detergents are exemplified 
by oil'Soluble neutral and basic salts of alkali or alkaline earth metals with one or 
more of the following acidic substances (or nuxtures thereof): (1) sulphonic adds, 
(2) carbojgrlic adds, (3) saliqrJic adds, (4) alkylphenols, (5) sulphurised alkylphenols, 

25 (6) organic phosphorus adds characterised by at least one direct carbon-to- 
phosphorus linkage. Such organic phosphorus acids indude those prepared by the 
treatment of an olefin polymer (e^g., polyisobulene having a molecular weight of 
1000) with a phosphorising agent such as phosphorus trichloride, phosphorus hepta- 
sulfide, phosphorus pentasulphide, phosphorus trichloride and sulphur, white 

30 phosphorus and a sulphur halide, or pho^horothioic chloride. The most commonly 
used salts of such adds are those of sodium, potassium, lithium, caldum, magnesium, 
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stroatium and bariuixL 

Tlie tenn "basic sair is med to designate metal salts wherein the metal is 
present in stoicbxometrically larger amounts than the organic add radical The 
commonly employed methods for preparing the basic salts involve beating a mineral 
oil solution of an add with a stoichiometric excess of a metal neutralising agent such 
as the metal oxide, hydroxide^ caibonate, bicarbonate, or sulphide at a temperature 
of about SO*Q and filtering the resulting mass. The use of a promoter" in the 
neutralisation step to aid the incorporation of a large excess of metal likewise is 
known. Examples of conq>ounds usefol as the promoter indude phenolic substances 
such as phenol, naphthol, alkylphenol, thiophenol, sulphurised aU^lphenol, and 
condensation products of formaldehyde with a phenolic substance; alcohols sudi as 
methanol, 2-propanol, octyl alcohol, cellosolve, carbitol, etl^lene gilyool, stearyl 
alcohol, and qrdohes^l alcohol; and amines sudi as aniline, phenylenediamine, 
phenothiazine,phei^-betanq)htbyIamine,anddodecyIamh3e. Aparticularly effective 
method for preparing the basic salts comprises mixing an add with an excess of a 
basic alkaline earth metal neutralising agent and at least one alcohol promoter, and 
carbonadog the mhcture at an elevated tenq)erature sudi as 60*-200*C 

Examples of suitable metal-containing detergents indude, but are not limited 
to, such substances as lithium phenates, sodium phenates, potassium phenates, 
caldum phenates, magnesium phenates, sulphurised lithium phenates, sulphurised 
sodium phenates, sulphurised potassium phenates, sulphurised caldum phenates, and 
sulphurised magnesium phenates wherein each aromadc poup has one or more 
aliphatic groups to impart hydrocarbon solubility; the basic salts of any of the 
foregoing phenols or sulphurised phenols (often referred to as "overbased" phenates 
or ''overbased sulphurised phenates"); Uthhim sulphonates, sodiiun sulphonates, 
potassium sulphonates, caldum sulphonates, and magnesium sulphonates v4ierein 
each sulphonic add moiety is attached to an aromatic nucleus which in turn usually 
contains one or more aliphatic subsdtuents to impart hydrocarbon solubility; the 
basic salts of any of the foregoing sulphonates (often referred to as "overbased 
sulphonates"; lithium salicylates, sodium saliqrlatcs, potassium sali<ylates, caldum 
salicylates, and magnesium salicylates wherein the aromatic moiety is usually 
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substituted by one or more aliphatic substituents to impart hydrocarbon solubili^, 
the basic salts of any of the fioregoiog salicylates (often referred to as "overbased 
salicylates'^; the lithium, sodium, potassium, calchmi and magnesium sahs of 
hydrolysed pho^hosulphurised olefins having 10 to 2000 carbon atoms or of 
S hydrolysed phosphosulphurised alcohols and/or alipbatic^bstituted phenolic 
oon:q)ounds having 10 to 2000 carbon atoms; lithium, sodium, potassium, calchmx and 
magnesium salts of aliphatic carboi^c adds and aliphatic-substituted cydoalipfaatic 
caibox^c acids; the basic salts of the foregoli^ carboi^c adds (often referred to 
as "overbased carboxylates" and mai^ other similar alkali and alkaline earth metal 

10 salts of oil-soluble oxganic acids. Nfixtures of salts of two or more different alkali 
and/or alkaline earth metals can be used. Iikewise,saltsof mixtures of two or more 
different adds or two or more different ^pes of acids (e.g., one or more caldum phe- 
nates with one or more caldum sulphonates) can also be used While rubidium^ 
cesiimi and strontium salts are feasible, their expense renders them impractical for 

15 most uses. likewise, while barium salts are effective, the status of barium as a heavy 
metal under a toxicological doud renders barium salts less preferred for present-day 
usage. 

Metal deactivators. As noted above, component c) - the third indispensable 
component of the compositions of this invention - is a metal deactivator of the 

20 chelator type, i.e., one or more substances which have the capability of reacting or 
complexing with dissolved metal and/or metal ions. Examples of the chelator type 
of metal deactivators include 8-hydroxyquinoline, ethylene diamine tetracarboi^llc 
add, /9-diketones such as aoetylacetone, i9-ketoesters such as octyl acetoacetate, and 
the like. The preferred metal deactivators generally regarded as chelators, are Schiff 

25 bases,suchasN,N^disalicyUdene-l,2-etiianedianune,NJ^'-disali(ylidene-l^^ 

diamine, N,N'-disalicyUdene-13-propanedianunc, NJ<*-disaHqrlldene-l,2-cydo- 
hexanediamine. NJN"-disalicyIidene-N'-methyl-dipropyIenetriamine, 3*-etho7^-5r2*,6*- 
trimethyl-N,N'-disalicylidene-biphenyl-2,4'-diyldianune, 5*-ethoxy-3,5,2'-trimethyl- 
N J4'-disalicylidene-biphenyl-2,4'-diyldiamine, and analogous compounds in which one 

30 or more of the saliqrlidene groups are substituted by innocuous groups such as alkyl, 
alko}^, alkylthio, alkeiqri, cydoalkyl, cycloalkenyl, aryl, alkoxyalky], aralkyi, carboxyl. 
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esterified carbo?^ etc Thus a vAdt variety of known metal deactivators are 
available for use as component c) in the practise of this inventioxL The most 
preferred metal deactivators of this type are N^-disaliGylidene-l,2-alkaDediamines 
and N,N*-di$ali^lidene-i;Z*Gycloalkanediamines, especially N,N'-disali^dene-l,2r 
S propanediamine. Mixtures of metal deactivators can be used. 

We now turn our attention to optional, but prefened» additional components 
d), e) and f) which may be utilised in the compodtions of this invention. As noted 
above, these additional conqK>nents do not materially interfere with the enhanced 
fuel stabilily realised by combining component c) with components a) and b). There- 

10 after, other aspects of the invention are considered. 

Ashless diqiersants. Ashless dispersants, which make up component d), are 
described in numerous patent specifications, mainly as additives for use in lubricant 
compositions, but their use in hydrocarbon &els has also been described. Ashless 
dispersants leave little or no metal-containing residue on combustion. They generally 

15 contain only carbon, hydrogen, oji^gen and in most cases nitrogen, but sometimes 
contain in addition other non-metallic elements such as phosphorus^ sulphur or 
boron. 

The preferred ashless dispersant is an aikenyl succinimide of an amine having 
at least one primaiy amino group capable of forming an imide group. Representative 

20 examples are given in U,S, Pat. Nos. 3,172,892; 3,202,678; 3,216,936; 3,219,666; 
3,254,025; 3,272,746; and 4,234,435. The aikenyl sucdnimides may be formed by con- 
ventional methods such as by heating an aikenyl succinic anhydride, add, add-ester, 
add balide, or lower alkyl ester with an amine containing at least one primary amino 
group. The aikenyl succinic anhydride may be made readily by heating a mixture of 

25 olefin and maleic anhydride to about 180* -220* C The olefin is preferably a 
polymer or copolymer of a lower monoolefin such as ethylene, propylene, isobutene 
and the like. The more prefened source of aikenyl group is from polyisobutene 
having a molecular weight up to 10,000 or higher. In a still more preferred 
embodiment the aikenyl group is a polyisobutene group having a molecular weight 

30 of about 500-5,000, preferably about 900^2,000, and especially about 900-1,200. 

Amines whidi may be employed in forming the ashless dispersant indude az^ 
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that have at least one primary amino group which can react to form an imide grcNip. 
A few representative examples aie: methylamine, 2-ethylhe3Qflamitte, n-dodeqi- 
amine, stearylamine, N^N-dimethyl-propanediamine, N*<3-aminopropyl)morpboline, 
N-dodecyl-propanedlamine, N-aminopropyl-plperazine, ethanolamine, N-ethanol» 
S ethylenediamine and the like. 

The preferred amines are the ailcylene polyamines such as propylene diamine, 
dipropylene triamine, di-(l,2-butylene)triamine, and tetra-(l,2-propylene)pentamine. 

The most preferred amines are the ethylene polyamines ^ch can be depicted 
by the formula 

10 HjN(CH2CHiNH)^H 

wherein n is an integer from one to about ten. these include: eth^ene diamine, 
diethylene triaminei triethylene tetramine, tetraethyiene pentamine* pentaethylene 
hexamine, and the like, including mixtures thereof in which case n is the average 
value of the mixture. These ethylene polyamines have a primaiy amine group at 

IS each end so can form mono-alkex^lsuccinimides and bis-alken^sucdnimides. 
Commercially available ethylene polyamine mixtures usually contain minor amounts 
of branched species and cyclic species such as N-aminoetbyl piperazine» N^N'-bis- 
(aminoethyl)piperazine, N,N*-bls(pIperazinyl)ethanei and like compounds. The 
preferred commercial mixtures have approximate overall compositions falling in the 

20 range corresponding to diethylene triamine to tetraethyiene pentamine, mixtures 
generally corresponding in overall makeup to tetraethyiene pentamine beii% most 
preferred. 

Hius especially preferred ashless di^ersants for use in the present invention 
are the products of reaction of a polyethylene polyamine» e.g. triethylene tetramine 
25 or tetraethyiene pentamine with a hydrocarbon substituted carboxylic acid or 
anhydride made by reaction of a polyolefin, preferably polyisobutene, having a 
number average molecular weight of 500 to 5,000, preferably 900 to 2,000 and 
especially 900 to 1,200, with an unsaturated polycarboxylic acid or anhydride, eg., 
maleic anhydride, maleic acid, fumaric acid, or the like, including mixtures of two or 
30 more such substances. 

Another class of useful ashless dispersants includes alkenyl succinic acid esters 
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and diesters of alcohols containing 1-20 carbon atoms and 1-6 faydro^Qfl groups. 
Representative examples are described in VS. Pat Nos. 3331.776; 3,381,022; and 
3,522,179. The alkenyl succinic portion of these esters corresponds to the alkeiqrl 
succinic portion of the succinimides described above inchiding the same preferred 

5 and most preferred subgenus, e.g.t polyisobutenyl suodnic adds wherein the 
polylsobutenyl group has a number average molecular weight of 500 to 5,00(X 
preferably 900-2,000, especially 900 to 1,200. 

Alcohols useful in preparing the esters indude methanol, ethanol, isobutanol, 
octadecanol, eicosanol, ethylene glycol, dietbylene glycol, tetraethylene glycol, 

10 dietfaylene glycol monoethyletber, propylene glycol, triprop^ene glycol, glycerol, 
sorbitol, lil,l-trimetbjdol ethane, 1,1,1-trimetliylol propane. 1,1,1-trimethjdol butane, 
pentaecythritol, dipentaerythritol, and the like. 

The sucdmc esters are readily made by merely heating a mixture of alkenyl 
sucdnic acid, anhydrides or lower alkyl (e.g., C1-C4) ester with the alcohol while 

15 distOliog out water or lower alkanoL In the case of add-esters less alcohol is used. 
In fact, add-esters made from alkenyl sucdnic anhydrides do not evolve water, in 
another method the alkenyl sucdnic add or anl^drides can be merefy reacted with 
an appropriate alkjdene oxide such as ethylene oxide, propylene oxide, and the like, 
induding mfactures thereof. 

20 In another embodiment the ashless dispersant is an alkenyl sucdnic ester- 

amide mixture. These may be made by heating the above-described alkenyl sucdnic 
adds, anhydrides or lower alkyl esters with an alcohol and an amine either 
sequentially or in a mixture. The alcohols and amines described above are also 
useful in this embodiment. Alternatively, amino alcohols can be used alone or with 

25 the alcohol and/or amine to form the ester-amide mixtures. The amino alcohol can 
contain 1-20 carbon atoms, 1-6 hydroxy groups and M amine nitrogen atoms. 
Examples are ethanolamine, diethanolamine, N-ethanol-diethylene triamine. and 
trimetbylol aminomethane. 

Representative examples; of suitable ester-amide mixtures are described in 

30 U.S. Pat. Nos. 3,184,474; 3,576,743; 3,632,511; 3,804,763; 3,836,471; 3,862,981; 
3,936,480; 3,948,800; 3,950,341; 3,957,854; 3,957,855; 3,991,098; 4,071,548; and 
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Such ashless dispeisants contaiiring alkeoyl succinic residues niay» and as is 
well known, be post-reacted with boron compounds, phosphorus derivatives and/or 
carboiylic add acylatipg agents, e.g. maleic anhydride. 

5 Another useful class of ashless dispersants includes the Maxmich condensates 

of hydrocarbyl-substituted phenols, formaldehyde or formaldehyde precursors (e«g» 
paraformaldehyde) and an amine having at least one primaiy amine group and con- 
taining 1-10 amine groups and 1-20 carbon atoms. Mannich condensates usefid in 
this invention are described in VS. Pat Nos. 3,442,808; 3,448,047; 3^39,633; 

10 3491^98; 3,600^72; 3,634,515; 3,697,574; 3,703,536; 3,704,308; 3,725,480; 3,726.882; 
3,736357? 3,75U65; 3,756,953; 3.793,202; 3.798.165; 3,798,247; 3.803,039; and 
3.413347. 

More preferred Mannich condensates are those made by condensing a polyiso- 

butenyl phenol wherein the polyisobutyl group has an average molecular weight of 
15 about 800-3,000 with formaldel^de or a formaldehyde precursor and an ethylene 

polyamine having the formula: 

H2N(CHaCH2^M)^ 

wherein n is an integer from one to ten or mixtures thereof e^edaOy those in whidi 

n has an average value of 3-5. 
20 TVpical post-treated ashless dispersants sudi as succinimides and Mannidi 

condensates are described in US. Pat Nos. 3,036,003; 3.087.936; 3.200.107; 3.216^936; 

3.254,025; 3,256.185; 3,278350; 3,280,234; 3.281,428; 3,282.955; 3312,619; 3366369; 

3367.943; 3373.1 11; 3.403,102; 3.442,808; 3,455^1; 3.455.832; 3.493320; 3302.677; 

3313,093; 3333.945; 3339,633; 3373.010; 3379,450; 3391,598; 3,600372; 3,639.242; 
25 3349.229; 3,649,659; 3,658,846; 3,697374; 3.702375; 3,703336; 3.704.308; 3,708,422; 

and 4,857.214. 

A fimher type of ashless dispersants yMch can be used conqiriscs inter* 
polymers of oil-solubilisixig monomeis such as decyl methaoylate, vinyl decyi ether 
and high molecular weigjbt olefins with monomers containing polar substituents^ 
30 anunoallsyl acrylates or aciylamides and poly(os^thylene>substituted aoylates. 
These mi^ be characterised as "polymeric dispersants* and examples thereof are 
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disclosed in the following U^. Pat. Nos^: 3329.658; 3,449^0; 3^19,565; 565; 
3,666,730; 3.687,849; and 3,7Q230a 

Another class of ashless dispersants which am advantageously be used in the 
fuel compositions of this invention are the imidazoline dispersants which can be 
5 represented by the formula: 

2, I 2 
N 

wherein Rj represents a hydrocarbon group having 1 to 30 carbon atoms, e.g. an al&yl 
or allcenyl group having 7 to 22 carbon atoms, and represents a hydrogen atoms 
or a hydrocarbon radical of 1 to 22 carbon atoms, or an aminoalt^l, a^laminoalk^ 
or fqrdroxyallvl radical having 2 to 50 carbon atoms. Such long-chain ^Xkyl (or 

10 long-«hain alkenyl) Imidazolhie compounds may be made by reaction of a 
corresponding long-chain UMy add (of formula R^-CXX)!!), for example oleic add, 
widi an appropriate polyamine. The fanidazoline formed is then ordinarily called, fbr 
exanqyle, oleylimidazolme vfhext the radical R| represents the oleyl residue of oleic 
add Oiher suitable alkyl substituents In the 2- position of these imidazolines fndude 

15 undecyi, heptadeqrl, lauiyl and erucyL Suitable N-substituents of the fanidazolines 
(i.e. radicals Rj) indude hydrocarbyl groups, faydroaicyalfyl groups, aminoaUcyl groups^ 
and acylaminoalk^ groups. Exanq>les of these various groups indude methyl, butyl, 
decyl, cydohexyl, phei^l, ben:^!, tolyl t^droxyethyl, aminoethyl, ol^lamhioethyl and 
steaiylaminoetb^. 

20 Other suitable ashless dispersants which may be incorporated in the fiiel 

compositions of this invention indude the products of condensation of a cycHc 
anhydride with a straigbt<bain N-alk^polyamme of the formula: 
R-(NH.R*-VNH2 

where n is an integer at least equal to 1, usually 3 to 5, R is a saturated or 
25 unsaturated linear hydrocarbon radical of 10 to 22 carbon atoms and R' is a divalent 
alkylene or alkylidene radical of 1 to 6 carbon atoms* Examples of such polyamines 
indude N*oleyM3*propanediamine, N-steaiyl-13*propanediamine, N-oleyM3- 
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butancdiamine, N-oleyl-2-methyl-U-propanediaminc, N-olcyl-l>pentanediainme, 
N-oleyl-2-ethyI-13-propanediaminc^J-stcaryl-13-butanediamine 
13-propanediainine. N-stearyl-l^-pentancdiamine, N-steaiyl-2-cthyl-l,3-propancdi- 
amine, N-oleyWipropylenetriamine and N-stcaryldipropylenetriamine, Such linear 
5 N-all^lpolyamines are condensed with, e.g-, a succinic, maleic, phthalic or hcxa- 
hydrophthalic acid anhydride which may be substituted by one or more radicals of 
up to S carbon atoms each. 

Another class of ashless dispcrsant which can be incorporated in the 
compositions of the present invention are the products of reaction of an ethoxylated 

10 amine made by reaction of ammonia with ethylene oxide with a carboxylic acid of 8 
to 30 carbon atoms. The etho^lated amine may be, for example, mono-, di- or tri- 
ethanolamine or a polyethoxylated derivative thereof, and the carboxylic add may be, 
for example, a straight or branched chain fatty add of 10 to 22 carbon atoms, a 
naphthenic add, a resinic add or an alkyl aiyl carboxylic add. 

15 Still another type of ashless dispersants which can be used in the practise of 

this invention are the a-olefin-maleimide copolymers such as are described in U.S. 
Pat No. 3,909,215. Such copolymers are altcmating copolymers of N-substituted 
maleimides and aliphatic a-olefins of from 8 to 30 carbon atoms. The copolymers 
may have an average of 4 to 20 maleimide groups per molecule. The substituents 

20 on the nitrogen of the maleimide may be the same or different and are organic 
radicals composed essentially of carbon, hydrogen and nitrogen having a total of 3 
to 60 carbon atoms. A commerdally available material which is highly suitable for 
use in this invention is Chevron OFA 425B, and this material is believed to be or 
comprise an a-olefin maleimide copolymer of the type described in U.S. Pat No. 

25 3,909,215. Whatever its composition, it works quite well 

All the aforesaid types of ashless dispersants arc described in the literature 
and many are available commerdally. Mixtures of various types of ashless 
dispersants can, of course, be used. 

Because of environmental concerns it is desirable to employ ashless 

30 dispersants which contain little, if any, halogen atoms such as chlorine atoms. Thus, 
in order to satisfy such concerns, it is desirable (although not necessary from a 

*Trade-inark 
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perfonnance standpoint) to select ashless dispersants (as well as the other 
components used in the compositions of this invention) such that the total halogen 
content of the overall fuel composition does not exceed 10 ppm. Indeed, the lower 
the better. Most desirably, the additive composition contains no detectable amount 
of halogen. 

Typical halogen (cblorine)*free ashless dispersants suitable for use in the 
compositions of this invention include, in addition to various types described herein- 
above, those described in the following recently-published applications: WO 9003359 
and EP 365288. 

Demulsifving a gents. Any of a variety of demulsifying agents can be used in 
the fiiel and fuel additive compositions of this invention. The demulsifying iagent 
improves the water tolerance level of the fuel compositions by minimizing or 
preventing excessive emulsion formation. 

Exemplary demulsifiers which may be employed include poly(alky!phenoI) 
formaldehyde condensates and the polyalkylenoxy modified reaction products thereof. 
Hiese compounds are prepared by reacting an all^lphenol with formaldehyde and 
thereafter reacting the reaction product of the above with a to Q all^lene oodde 
such as ethylene oxide and propylene oxide. Hie demulsifiers have a generalized 
structural formula 




vdierein U is an all^lene of 2 to 6 carbons; y is an integer averaging between 4 and 
10; z is an integer averaging between 4 and 10; and Rs is an alkyl bsmog from 4 to 
15 carbon atoms. 

Rreferred denmlsifiers described by the above formula are polyethylenemy 
modified methylene bridged poly(alkyiphenol) polymers having a poIyethylene(»9 
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chain of 8 to 20 carbons and preferably from 10 to 16 carbons and at least about 75 
number percent of the polyetl^eneoxy chains being within the range specified The 
methylene bridged poly(allcy]pfaenol) portion of the polymer has from 4 to 10 and 
preferabty from 5 to 8 repeating methylene bridged alkylphenol units with 4 to IS 
and preferably 6 to 12 carbons in the alk^ group. In preferred embodiments* the 
allg^l groups are a mixture of alkyls having between 4 and 12 carbon atoms. 

Illustrative alkylphenols indude p-isobutylphenolt p-diisobutylphenol, 
p-hexylphenol» p-faeptylphenol, p-octylphenol p-tripropylenephenol, and 
p-dipropylenephenol, etc. 

Another type of demulsifier component is an ammonia-neutralised 
sulphonated alkylphenoL These compounds have the general structuie: 




KO 



wherein is a hydrocarbyl group having from 4 to IS carbon atoms, preferably from 
6 to 12. 

These compounds are prepared by sulphonating an alkylated phenol and 
thereafter neutralising the sulphonated product with ammonia 

Another type of demulsifier is an oxyalkylated glycol These compounds are 
prepared by reacting a polyhydroxy alcohol such as ethylene glycol, trimethylene gfy- 
col, etc., with ethylene or propylene oxide. Many of the compounds are commercially 
available from BASF-Wyandotte Chemical Company under the PLURONIC trade- 
mark. They are polyethers terminated by hydroxy groups and produced by the block 
copolymerisation of ethylene oxide and propylene oxide. The ethylene oxide blocks 
act as the t^drophiles and the propylene oxide blocks as the hydrophobes. They are 
available in a wide rai^e of molecular weights and with varying ratios of ethylene 
oxide to propylene oxide. . • 

One type of commercially available demulsifiers comprises a mixture of 
ail^laryi sulphonates, pofyoxyalkylene glycols and oi^alkylated alkylphenolic resins. 
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Such products are supplied by Petrolite Corporation under the TOLAD trademark. 
One such propriety product, identified as TOLAD 286K, is understood to be a 
mixture of these components dissolved in a solvent composed of alkyl benzenes. TTiis 
product has been found efficacious for use in the compositions of this invention- A 

5 related product, TOLAD 286, is also suitable. In this case the product apparently 
contains the same kind of active ingredients dissolved in a solvent composed of heavy 
aromatic naphtha and isopropanol. However, other known demulsifiers can be used. 

Aliphatic or ^y^ln^iliphatic amine. When it is desired to include one or more 
amines in the compositions of this invention, any of a wide variety of suitable amines 

10 can be used. This component contributes stability to the systems in which it is 
employed. Typically a monoamine is employed although polyamines can be used, if 
desired. Among the vast array of suitable amines are included the amines referred 
to in U.S. Pat. No. 3,909,215 such as tertiary alkyl primary ammes induding Primene 
81R and the like, and amines referred to in EP 188,042, namely alkyldimethylamines 

15 in which the alkyl group has 8 to 14 carbon atoms or mixtures thereof. Also suitable 
are mixed all^l-cydoalkyl amines such as N-cydohejgrl-N-butyl amine, N-metlqrl- 
cydohes^l-N-oct^ amine, etc., as well as di- and tricycloaUgri amines such as 
N,N-dicyclohexyl amine, N,N-di-{ethylcyclohexyl)amine, NJ^,N-tricydohexyl amine, 
and the like. Preferred amines include N-cycIoalkyl-N,N-dialkyl amines and 

20 N-cycloalkenyl-N J^-dialkylamines such as N-<yclohexyl-N,N-dicthyl amine, N-cyclo- 
hexyl-N.N-dibutyl amine, N-<ycloheptyl-N,N-dimethyl amine, N-cyclooctyl-N,N- 
dilauryl amine, N-cyclohexenyl-N,N-dipropyl amine, and like compounds. Particularly 
preferred is N-cyclohexyl-NJ^-dimethyl amine. Mixtures of various amines, such as 
those referred to above, are also suitable for use in accordance with this inventioa 

25 Hydrocarbonaceous fuels. In principle, the advantages of this invention 

may be achieved in any liquid hydrocarbonaceous fuel derived from petroleum, coal, 
shale and/or tar sands. In most instances, at least under present circumstances, the 
base fuels will be derived primarily, if not exclusively, from petroleum. 

The invention is thus applicable to such fiiels as kerosene, jet fiiel, aviation 

30 fuel, dicsel fuel, home heating oil, light cycle oil, heavy <ycle oil, light gas oil, heavy 
gas oil, bunker fuels, residual fiiel oils, ultra heavy fuel oils, and in general, any liquid 

♦Trade-mark 
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(or flowable) hydrocarbonaceous product suitable for combustion either in an engine 
(e.g^ diesel fuel, gas turbine fiiels, etc.) or in a burner apparatus (e.g^ gas oils^ inland 
heavy fiiel oil, residual fuel oils, visbreaker fiid oils, home heating oils, etc.). Other 
suitable fuels may include liquid fuels derived from biomass, such as v^table oils 

S (e.g,, rapeseed oil, jojoba oil, cottonseed oil, etc); or refuse-derived liquid fuels such 
as fuels derived from munidpal and/or industrial wastes; or waste oils and/or liquid 
waste biomass and its derivatives; or mixtures of any of the foregoing substances. 

In many cases» specifications exist for various hydrocarbonaceous fuels or 
grades thereof, and in any event the nature and character of sudi &els are well- 

10 known and reported in the literature. 

The additive compositions con^rising components a), b), c) and at least one 
of components d), e) and f) - preferably two of components d), e) and f) and most 
preferably all three of components d), e) and f) - are especially useftil in heating gas 
oils and like burner fuels and fuel oils for agricultural and industrial engines. Topical 

IS specifications for such fuel oils can be found, for example, in BS 2869 : Part 2 : 1988 
of the British Standards Institution. Typical specifications for automotive or road 
diesei fuels, in which compositions con^osed of components a), b), cX d) and e) are 
especially useful, zppczx in BS 2869: Part 1: 1988 of the British Standards Institution. 
As can be appreciated, a vast number of such specifications exist from country to 

20 countty. 

Concentrations and proportions . In general, the components of the additive 
compositions, especially components a) and b), are employed in the fuels in minor 
amounts sufficient to improve the combustion characteristics and properties of the 
base hydrocarbonaceous fuel in which they are employed. The metal deactivator, 
25 component c), is employed in a minor amount suffident to inhibit foel destabilisation 
in fueb containing components a) and b). The amounts will thus vary in accordance 
with such factors as base fuel type and service conditions for which the finished fuel 
is intended. However, generally speaking, the following concentrations (ppm) of the 
components (active ingredients) ffi the base fuels are illustrative: 
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Component a) 
Ginnponent b) 
Coinponent c) 



General 
Range 

L5-10,00O 

4-iaooo 

0.1-^000 



Preferred 
■ Raneg 

5^000 

0:25-1,000 



More Pardoilaily 
Preferred Preferred 



3-100 
^300 
1-500 



3-25 
6-100 
U-100 



10 



In the case of fuels additionally containing one or more of components d). e), 
and f), the following concentrations (ppta) of active ingredients are ^ical: 



Coa^xment d) 
Component e) 
Component f) 



General 
Rang e 

0-15,000 

0-4,000 

0^10,000 



Preened 

8-5,000 
05-200 
5-200 



Particalariy 
Preferred 

^.Eaoss 

10-200 
2-50 
10-50 



15 It will be ^predated that the individual componNits a), bX and c). and also 

d), e), and/or Q (if used), can be sepaiatei(y blended into the Cad or can be blended 
therein in various subcombinations, if desired. Ordinarily, the partipolar ^uence 
of such blending steps is not critical Moreover, such ocmponents can .be. blended iA 
the form of .a solution in a diluent It is preferable, however, to Mend the 

20 components used in the form of an additive concentrate of this invention, as this 
simplifies the: blending operations,, reduces the likelihood of blending errors, and 
takes advantage of the compatibility and sdubility characteristics afforded by ibt 
overall concentrate. 

The additive ccmcentrates of this invention will contain components a), b). and 

25 c), and optionally, but preferabty, one or more of components dX e), and 0 in 
amounts proportioned to yield fiml. blends consistent with the concentrations tabu- 
lated above. In most cases, the additwe conoentrate will contain one or more 
dihients such as light mineral oils, to facilitate handling and blending of the 
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concentrate* Thus concentrates containipg up to 90% by weight of one or more 
diluents or solvents are frequently used. 



more other components can be included in the compositions of this invention. For 
example, the additive compositions and fuel compositions of this invention can also 
contain antioxidant, e.g^ one or more phenolic antioxidants, aromatic amine antioxi- 
dants, sulphurised phenolic antioxidants, and oiganic phosphites, among otheis. 
Examples inchide 2><li-tert-bu9lphenol, liquid mixtures of tertiary butylated phe- 
nols, 2,6-di-tert*butyl-4-metbylphenol, 4,4'-metbylenebis(2,6-di-tert-butylphenol), 
2,2'-methylenebis(4-mctlyl-6-tert-buQrlphenol), mixed methylene-bridgcd polyalkjd 
phenols, 4,4'-thiobis(2pmcthyl-6-tert-bu^phenol), NJ^-di-sec-bu^-p-pbenylene- 
diamine, 4-isopropyIaminodiphenyl amine, phenyl-ot-naphth^ amine, and phenyI-/9- 
naphthyl amine. 

Corrosion inhibitors comprise another ^pe of optional additive for use m this 
invention. Thus use can be made of dimer and trimer acids, such as are produced 
from tall oil fat^ adds, oleic add, linoteic add, or the like* Products of this ^ype are 
currently available firom various commercial sources^ such as, for example, the dImer 
and trimer adds sold under the HYSTRENB trademark by the Humeo Chemical 
Division of Witoo Chemical Corporation and under the EMPOL trademark by Emery 
Chemicals. Another useful type of corrosion inhibitor for use in the practise of this 
invention are the alkenyl sucdnic add and alkenyl sucdnic anhydride oorrodon 
inhibitors sudi as, for example, tetraprq)enyl$ucdnic add, tetrapiopeiqflsucdnic 
anhydride, tetradecenylsuocinic add, tetradeoenylsuccmic anhydride, he x ad e ce a ylsuc- 
dnic add, hexadeoen^uccinic anhydride, and the like. Also useful are the half 
esters of alkenyl sucdmc adds having 8 to 24 carbon atoms in the alkenji group with 
alcohols such as the polyglycols. Preferred materials are the aminosucdnic adds or 
derivatives thereof r^resented by the formula: 




If desired or deemed of help in given situations, one or 




OR 



5 



1 



N - C - C 



OR 
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wherein each of R\ R^ R^ and R^ is, independently, 

a hydrogen atom or a hydrocarbyl group containing 1 to 30 carbon atoms, and 
wherein each of R^ and R^ is, independently, a hydrogen atom, a hydrocarbyl group 
containing 1 to 30 carbon atorns^ or an acyl group containing from 1 to 30 carbon 
5 atoms. 

The groups K\ R\ R\ R\ R\ R* and R^ when in the form of a hydrocarbyl 
group, can be, for example, all^ cycioalkyl or aromatic containing groups. Pre- 
ferably R* and R^ are the same or different straight-chain or branched-chain 
hydrocarbon radicals containing 1-20 carbon atoms. Most preferably, R^ and R^ are 

10 saturated hydrocarbon radicals containing 3-6 carbon atoms. R^ either R^ or R^ R^ 
and R'', when in the form of hydrocarbyl groups, are preferably the same or different 
straigbt-chain or branched<hain saturated hydrocarbon radicals. Preferably a dialkyl 
ester of an aminosuccinic add is used in which R^ and R' are the same or different 
alM groups containing 3-6 carbon atoms, R^ is a hydrogen atom, and either B? or 

IS R^ is an alkyl group containing 15-20 carbon atoms or an acyl group which is derwed 
from a saturated or unsaturated carbQ^^lic add containing 2-10 carbon atoms. 

Most preferred is a dialkylester of an aminosucdnic add of the above formula 
wherein R^ and R^ are isobutyl, R^ is a hydrogen atom, R' is octadecyl and/or 
octadecenyl and R** is 3-carb€n7-l-oxo-2-propenyL In such ester R^ and R^ are most 

20 preferably hydrogen atoms. 

Hie heavier fiiels of this invention may contain cold flow hnprovers and 
pour-point depressants, e.g., olefin/vinyl acetate copolymers such as ethylene/vinjd 
acetate copolymers and polymethaocylates. Antifoam agents such as silicones; metal 
deactivators of the passivator type, e.g., the thiadiazoles such as HITEC* 314 

25 additive (Ethyl Petroleum Additives. Ltd.; Ethyl Petroleum Additives, Inc.); and dyes 
can also be used in the compositions of this invention. The diesel fuels may contain 
cetane improvers such as peroxy compounds and organic nitrates (e.g., amyl nitrates, 
hexyl nitrates, hep^l nitrates, octyl nitrates, and other alkyl nitrates having about 4 
to about 10 carbon atoms induding mixtures thereof). A few specific examples of 

30 such alkyl nitrates are cyclohexyl nitrate, methoxypropyl nitrate, mixed nitrate esters 
made by nitration of fiisel oil, 2-ethylhexyl nitrate, n-octyl nitrate, n-decyl nitrate, etc 
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Typical p^roxy compounds include acetyl peroxide, benzc^l peroxide, tert-butyl- 
peroxyacetate, and cumene hydroperoxide. 

All of the foregoing optional other components are well known in the art and 
are used in the usual proportions. In selecting such optional coniponent(5)t care 
S should be taken to ensure that the selected material or combination of material is 
compatible with conq)onents of the overall con^>osition In i;^ch it is being used 

The followii^ non-limiting examples in which all parts and percentages are 
by weight illustrate the invention. 

10 An additive composition is formed by blending together the following 

components in the amounts specified: 

4.0% Methylcydopentadien^ manganese tricarboiqfl (MMT) as a bl^ containipg 

62% MMT and 38% diluent (mainly aromatic sohrent); 
6.0% Overbased calchim sulpbonate as a blend with 44% 100 sohrent neutral oil 
15 and having a ^ical TBN of 295; 

1.6% NyN'-disalicylxdene^l.^-propanediamine as an 80% solution in xylene; and 
88.4% Heavy aromatic naphtha. 

This composition is well adapted for use in heating gas oil, for example at 
treat rates of 250 to 37,000 ppm, typically 500 ppm. 

20 BKmriMz 

An addidve composition is formed by blendhig together the following 
components in the amounts specified: 

4.0% Methylcyclopentadienyl manganese tricarbonyl (MMT) as a blend containing 
62% MMT and 38% diluent (mainly aromatic solvent); 
25 6.0% Overbased caldum sulphonate as a blend with 44% 100 solvent neutral oil 
and having a typical TBN of 295; 
1.2% N^N'-disalicylidene-l^propanediamine as an 80% solution in i^lene; and 
88.8% Heavy aromatic naphtha. 

This composition is well adapted for use in heating gas oil» for example at 
30 treat rates of 250 to 37,000 ppm, typically 500 ppm. 
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An additive composition is formed by blending together the following 
con^nents in the amounts ^>ecifie± 

4.0% Methylqrclopentadiei^l manganese tricarbony! (MMT) as a blend containing 
5 62% MMT and 38% diluent (mainly aromatic solvent); 

6.0% Overbased calcium sulphonate as a blend with 44% 100 solvent neutral ofl 

and having a typical TBN of 295; 
1.6% N,N'-disalicylidene-l,2-propanediamine as an 80% solution In ^^lene; 
9,2% Chevron OFA 425B, an ashless dispersant believed to comprise a C^C^s 
10 a-olefin-maleic anhydride copolymer aminated with an N-alkylpropylene 

diamine as a 50% solution in oil; 
9.2% N-cyclohej^l-N^N-dimethylamine; and 
70.0% Heavy aromatic naphtha. 

This composition is well adapted for use in heating gas oil, for example at 
IS treat rates of 250 to 37,000 ppm, typically 500 ppm. 

EXAM?Lg4 

An additive composition is formed by blending together the following 
components in the amounts specified; 

4.0% Metbylcydopentadienyl manganese tricarbonyl (MMT) as a blend containing 
20 62% MMT and 38% diluent (mainly aromatic solvent); 

6.0% Overbased calcium sulphonate as a blend with 44% 100 sohrent neutral oil 

and having a typical TBN of 295; 
1.6% N,N*-disalicylidene-l^-propanediamine as an 80% solution in xylene; 
6.9% Chevron OFA 42SB, an ashless diq>ersant believed to comprise a Ci3/Ci5 
25 a-olefln-maleic anhydride copolymer aminated with an N-alkylpropylene 

diamine as a 50% solution in oil; 
S2% N-<yclohe37l-N,N-dimethylamine; and 
76*3% Heavy aromatic naphtha. 

This composition is well adapted for use in heatmg gas oil, for example at 
30 treat rates of 250 to 37,000 ppm, typically 500 i^m. 
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EXAMPLES 

The procedure of Exaiiq)le 3 is repeated using the following proportions of 

the additive components: 

4,0% MMT as the blend of Example 3; 
5 6,0% Overbased calcium sulphonate as the blend of Example 3; 

1,2% NJ^'-disalicylidene-l,2-propanedianune as the solution of Example 3; 

6.9% Chevron OFA 42SB, as the solution of Example 3; 

6.9% N-cycIohexyl'NjN-dimethylamine; and 

75.0% Heavy aromatic naphtha. 
10 EX A M PLES 

The procedure of Example 3 is repeated using the following proportions of 

the additive components: 

4.0% MMT as the blend of Example 3; 

6.0% Overbased calcium sulphonate as the blend of Example 3; 
IS 1.2% HhT-disalicylidene-l^-propanediamine as the solution of Example 3; 

6*9% Chevron OFA 42SB, as the solution of Example 3; 

52% N-cyclohexyl-NJ^-dimethylamine; and 

76«7% Heavy aromatic naphtha. 

EXAMPLE? 

20 An additive composition of this invention is formed using the following: 

4.0% MMT as the 62% solution in diluent specified in Example 1; 
6.0% Overbased calcium sulphonate as the blend in 100 solvent neutral oil specified 
in Example 1; 

1.6% N,N**disalicylidene-l^-propanediamine as an 80% solution in heavy aromatic 
25 naphtha; 

53% Polyisobutenyl sucdnimide of tetraethylene pentamine (made from 

polybutenes with Mn of approximately 950) as a 25% solution in oil; 
1.4% Akzo Armogard D5021 demulsifier, believed to be a blend of demulsifier 
bases and surfactants in an aromatic solvent; 
30 5.2% N<yclohexyl-N,N-dimethylamine; and 
76.3% Heavy aromatic naphtha. 

*Trade-inark 
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This composition is iiseful, for exaiiq)le at treat rates of 250 to 37,000 ppni, 
typically 500 ppm, in heating gas oils. 

EXAMFLE8 

Using the procedure of Example 1, the following components are blended 
S together 

45% MMT blend q^edfied in Escample 1; 
33.0% Overbased caldiun sulpbonate blend specified in Exanqple 1; 
1.8% N,N*-disalicyIidene-l,2-butanediamine as a 75% solution in heavy aroniatic 
naphtha; 

10 22.7% Polyisobutenyl sucdnimide of tetraethylene pentamine (made from 

polybutene of Mn of approximately 950) as a 23% solution in a solvent oil; 
6.8% Demulsifier (Tolad 286K); and 
31«2% Heavy aromatic naphtha dfluent 

When used, for example at a concentration in the range of 200 to 26^00 ppm, 
15 typically 400 i^m, this additive concentrate is espedally adapted for improving 
combustion of road diesel fitds. 

EXA\fPLE9 

An additive concentrate is formed using the following components: 
2.8% MMT; 

20 143% Overbased caldum sulphonate blend; 

1.5% N,N'-disalicylidene-l,2-Gyclohexanediamine as a 60% solution in aromatic 
naphtha; 

17.1% Polyisobutenyl succinimlde of an equivalent mixture of diethylene triamine, 
triethylene teuamine, and tetraethylene pentamine (made frompolyisobutene 
25 of Mn of approximately 1000); and 

64.1% Inert diluents (primarily 100 solvent neutral mineral oil). 

The following additive concentrate is formed: 
5.0% dydopentadienyl mangan^ tricarbonyl in a blend containing 40% aromatic 
30 hydrocarbon solvent; 

30.5% Overbased magnesium sulphonate; 
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1.8% N»N*-disalkylideiie-l^propanediaminc; 

243% Mannich condensation produa of p-(poiyisobutenyl)pbenol (made from 

polyisobutene of Mn of 750), fonnaldehyde and trietltytene tetramine; 
5.6% Akzo Annogard DSQ21 demulsifier; and 
5 32^% Heavy aromatic naphtha diluents. 

EXAMPLE 11 

Examples 9 and 10 are repeated substituting in one case overbased potassium 
sulphonate and in another case overbased calcium phenate for the sulphonates of 
Exanq)]es 9 and 10« 

10 EXAMPTP. 12 

Hie procedures of Examples 4, 7 and 8 are repeated except that in one case 
the oveibased calcium sulphonate is replaced by an equivalent amount of overbased 
magnesium sulphonate, in another case by an equivalent amount of overbased 
sodium sulphonate, and in a third case by an equivalent amount of overbased 

IS potassium sulphonate. 

EXAMPLE 13 

The respective compositions of Examples 1 through 9 and 12 are formed with 
the exception that the metl^liyclopentadienyl manganese tricarbonyl is replaced bi 
one case by an equivalent amount of ^clopentadien^ mai^ganese tricaibonyl, in 

20 another case by an equivalent amount of cydopentadienyl manganese dicarbooiyl 
triphenylphospUne, in a third case by an equivalent amount of indenyl manganese 
tricarbonyl, in a fourth case by an equivalent amount of dimanganese decacaiboi^ly 
and in still another case by an equivalent amount of a mixture composed of 90% 
metfaylcydopentadiei^l manganese tricarbonyl and 10% cydopentadiei^ manganese 

25 tricarbonyl. 

EXAMPLE 14 

The respective compositions of Exanq;>les 4 and 7 are blended at concentra- 
tions of 300, 500 and 1,000 i^m hi a heating gas ofl having a spedRc gravity at IS * C 
(DIN 51 757) of 0.845 g/mL, a Wpcmatic viscosity at 20*C (DIN 51 562) of 53 mm* 
30 per seconc^ a pour point (DIN ISO 3016) of <9*Q a sulphur content (DIN 51 400) 
of ai9%, and a distillation profile (DIN 51 751) of 27 volume % boiling to 250*C 
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and 92 volume % boiling to 3S0*C 

BXAMTLE 

Example 14 is repeated except that the same amounts of the re^ective com- 
ponents of the respective compositions of Examples 4 and 7 are blended individual^ 
5 or in sub-combinations into the gas oil 

EXAMPLE 16 

The composition of Example B is blended at concentrations of 300, SOOp 1»000 
and IpSOO ppm in a diesel fuel satisfying the requirements of DIN 51 601-DK 
(February 1986). 
10 EXAMPLE 17 

Example 16 is repeated except that the same amounts of the respective 
components of the composition of Example 8 are blended individually or in sub- 
combinations into the diesel fuel 

EXAMPLE 18 

IS The procedures of Examples 16 and 17 are repeated using commercially 

available diesel fuels suitable for use as railway diesel fuel, tractor diesel fiiel, 
oftroad diesel fiiel and inland waterways fiiel. 

EXAMPLE 19 

Examples 14 and 15 axe repeated using as the fuels commerdally-available 
20 heavy fiiet oils and residual oils (e.g., mdustrial and refinery fuel oils) such as inland 
heavy fuel oils, and also hydrocarbonaceous marine fuels. The additive treat levels 
in these fuels are 500, 800 and 1400 ppm. 

Hie enhanced stability characteristics of tbs conq)osition$ of this invention are 
iUustrated by the results of a series of thermal oxidath^e stability tests conducted in 
25 accordance with ASTM Test Procedure D2274. In these tests two different conuner- 
cially-available base fiiels were used One was a relatively stable diesel fiiel haviqg 
a cetane number of 5Z7 (FUel A)* The other was a relatively unstable diesel fuel 
having a cetane number of 525 (Fuel B). Each of these fiiels was tested in duplicate 
without the addition thereto of any additives. In addition Fuels A and B containhig 
30 various addidve mixtures based on the combination of MMT and caldum sulphonate 
both with and without metal deactwator of the dielation type were subjected to the 



CaseELr^O 



-28- 2051451 

same ASTM test procedure. The compositions tested and the results obtained are 
sununarised in the following table in which the additive components were as follows: 

^^MMT* as the 62% blend as in Exanq)le 1; 

"Ca Det" is caldum sulphonate as the 44% blend as in Example 1; 

"^etal Deact." is metal deactivator in the form of the 80% solution of 
N,N*-disalicyIidene-l»2^propanediamine as In Example 1; 

^'Disp/ is Chevron OFA 42SB ashless dispersant in the form of a 50% soludon 
as in Example 3; 

"Amine" in the form of N-cydohexyl-N«N-dimetbylamine stabiliser; and 

"Dil." is diiuent in the form of heavy aromatic naphtha. 

All tests involving use of an additive mixture were run at a total additive 
concentration of 500 ppm in the foeL In the table signifies ''none\ the numerical 
values for the additive components represent the weight percentage of the 
component in the form listed above, and the results are expressed in terms of milli* 
grams of deposit per 100 mjlHliters of fuel. Test Nos. 1-6 were performed in Fuel 
A and Test Nos. 7-13 in Fuel B. 
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TTiermal Oxidative Stability Tests 



Test 




Ca 


Metal 


1 


MMT 


Pet 
- 


DeacL 
- 


2 
3 


— 
4 


— 
6 


— 


4 


4 


6 


1.2 


S 


.4 


6 


1.6 


6 

7 


4 


6 


1.6 


8 
9 


4 


6 




10 


4 


6 


1.2 


n 


4 


6 


1.2 


12 


4 


6 


1.6 


13 


4 


6 


U 



Deposits, 

Diss. AmiDfi DiL "g/mL 



— 


— 




028 


— 


— 


- 


034 


mm 


20 


70 


1.83 


6.9 


52 


76.7 


2.88 


9.2 


92 


70 


0.09 


6.9 


52 


763 


0.23 








131 








1.86 


75 


6.9 


75.6 


2.06 


6.9 


6.9 


75 


034 


6.9 


52 


76.7 


0.09 


9.2 


9.4 


70 


0.03 


92 


92 


70 


ao6 



It will be seen from the results in the above table that in the relative^ stable 
Fuel A the combination of the manganese compound and the caldum-oontaining 
detergent (Test No. 3) caused a significant loss in fiiel stability as compared to the 
additive-free fuel (Test Nos. 1 and 2). It will also be noted that this friel destabili- 
sation occurred notwithstanding the presence in the fuel of a relatively high 
concentration of N-(ycIohexyI-NJ^-dimetfaylaniine» a known fiiel stabiliser. From 
Test No. 4 it is seen that in this particular fuel, 12% of the metal deactivator blend 
in the additive mature (at SOO ppm) was insu£E!cient to combat the fiiel destabil- 
isation. On the other hand. Test Nos. 5 and 6 show that 1,6% of the metal 
deactivator in the additive mixture (at 500 ppm) greatly increased the stability of the 
fiiel composition. Thus in Fuel A there is a threshhold concentration in the systems 
tested at SOO ppm falling between these 12% and 1.6% additive proportions. 

In the less stable fuel (Fuel B), it is seen from Test Na 9 that once again the 
combination of the manganese compound and the calcium-containing detergent 
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resulted in a further loss of fuel stability as con^ared to the additive-free fuel (Tests 
7 and 8). And from Test Nos. 10 through 13 it is seen that in Fuel B both 12% and 
1.6% of the metal deactivator in the additive mixtures conferred at the SOO ppm 
additive mixture level, very substantial improvements in fiiel stability. Thus in Fuel 
S B the threshhold concentration in the system at SOO ppm corresponds to less than 
12% of the metal deactivator in the additive composition. 

The effectiveness and advantageous characteristics of the compositions of this 
invention are illustrated by the results of a number of other standardised tests. For 
example, an 81 kW gas oil-fired hot water boiler was operated with a flue gas 

10 temperature of 207 *Q a carbon dioxide flue gas content of 12.1% and a carbon 
monoxide- flue gas content of above 100 ppm. The base heating gas oil was as 
specified in Example 14. Operation of the boiler on the additive-free gas oil gave 
a Badiarach soot number of 4.60 whereas the same gas oil containing SOO ppm of the 
additive composition of Example 4 gave a Bacharach soot number of 2.70, a 41% 

IS reduction. Measurements of the addity of the soot (an average of 4 determinations) 
showed that the clear base gas oil produced a soot with an average pH of 4.QS. In 
contrast the soot from the fiiel of this invention had a pH averaging 7.06. 

Standard CFR engfaie tests (ASTM D613) were conducted using two different 
diesel fiiels having cetane values of 5Z7 (Fuel A) and SZS (Fuel B), re^ctively. 

20 Addition of SOO ppm of the composition of Example 4 to Fuel A caused no change 
in cetane rating. In Fuel B only a slight loss in cetane value (from SZS to S1.6) 
occurred by addition of SOO ppm of the composition of Example 4. 

The same pair of diesel fuels were subjected to standard corrosion tests 
(ASTM 66SA), both with and without SOO ppm of the additive composition of 

2S Example 4. The results of these tests were as follows: 

Ratmp Per ASTM 66SA 
Fuel A without additives D, D 

Fuel A with additives A, A 

Fuel B without additives B, B+ 

30 Fuel B with additive A, A 
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Diesel fuels both witb and without the additive composition of this invention 
as set forth in Eacample 7 were subjected to standard corrosion tests (ASTM 665A) 
and (ASTM 661SB). The results were as follows: 



Rating Per Rating Per 

Fuel A without additives Q C E, E 

Fuel A with additives A, A E, E 

Fuel B without additives B-h, B+ D» D 

Fuel B with additbes A, A D, D 



10 The same compositions were subjected to thermal stability tests wherein the 

sample is heated at ISO'C for 90 minutes^ filtered through a filter and the 
reflectance of the deposit on the filter measured. Hie rating scale ranges from 0 
(dean) to 20 (black). A rating of 7 or less is considered good Thennal osddative 
stability tests according to ASTM D 2274 were also performed on these fiiel oomposi- 

15 tions. Theperfonnanceinthesetestsisexpressedintennsof milligrams of deposit 
per 100 milliliters of fiteL The results were as follows: 



Thermal 

Thermal Oxidative 

Stability Stability 

20 (Filter TestO (ASTM D2274^ 

Fuel A without additives 6 0.1S 

Fuel A with additives 3 0.17 

F^el B without additives 19 4.4S 

Fuel B with additives 6 ai4 



25 Denmlsification tests (ASTM D 1094) on the same four fuels gave the results 

shown below: 
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Interface 
Rating 


Separation 
Rating 


volume oi 
Aqueous 
. Phase. mL 


Fuel A without additives 


4 


3 


17 


Fuel A with additives 


3 


3 


18 


Fuel B without additives 


4 


3 


7 


Fuel B with additives 


3 


3 


19 



Additional tests were run using a commercially available domestic heating gas 
oil in order to determine performance In two different burners. One was a modern 
burner whereas the other was a burner produced fifteen years ago* In each case the 
burners were adjusted to the manufacturer's specifications. Tbe additive 
compositions of Examples 4 and 7 were utilised in these tests together with baseUne 
runs on the dear base fiieL Measurements were made of the smoke number and for 
carbon monoxide content of the flue gases. The smoke number determinations 
involve a scale ranging from 0 to 10, which ratings are applied to a filter through 
which the flue gas was passed durii^ the operation. A ratii% of 10 means black and 
thus the lower the number, the better. Hie carbon monoxide rathigs are eqnressed 
hi terms of parts per million in the flue gas. The following table summarises these 
data. 

Old Burner Wgw Burner 

Smoke No. CQ Smoke No. SO. 



Base fuel without additives 


5^ 


80 


1 


90 


Base tad with additives' 


5^ 


43 






Base fiiel with additives^ 


4^ 


40 


0 


18 


Base fuel with additive^ 


4^ 


40 


0 


20 


Base fuel with additives'* 


35 


45 


0 


2S 



a Additive composition of Example 4 at SCO ppm 
b Additive composition of Example 4 at 1000 ppm 
c Additive composition of Example 7 at 500 ppm 
d Additive composition of Example 7 at 1000 ppm 
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The above and other test results have indicated that the fuels of this invention 
generally possess enhanced combustion properties (e^ less smoke, lower soot 
acidity) and better thermal stability than the corresponding untreated fuels. In 
addition* use of the fuels of this invention results in the formation of reduced 
amounts of sludge deposits on critical engine or burner parts or surfaces. Further, 
such fuels tend to emit smaller amounts of noxious emissions than the corresponding 
untreated base fuels. Also this invention enables the provision of fuel compositions 
having enhanced demulsification properties and reduced corrosion tendencies with 
minimal interference with other desirable fiiel properties. Hie additive compositions 
of this invention can result In decreased fiiel consumption in diesei engines. The 
above data indicate that all fuels do not necessarily respond to the same extent to 
treatment with the additive systems of this invention. Nonetheless, as a general 
proposition, the fiiels of this invention do have significantly improved properties. 

It will be seen from the foregoing that this invention includes among its 
embodiments methods of improving the combustion characteristics and stability of 
an at least predominantly hydrocarbonaoeous liquid fuel which comprises blending 
therevdih a minor combustion-improving amount o£ 

a) at least one fiiel-sohible manganese carbonyl compound; and 

b) at least one foel-soluble alkali or alkaline earth metal-containing 
detergent; 

and a minor stabilising amount of; 

c) at least one fuel-soluble metal deactivator of the chelation ^e. 

Such compositions preferably contain one or more of components d), e) and f) as 
described hereinabove. 
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A fud Gompofiiition which oompiises a major amount of a liquid hydiocufaonaceous fuel 

containing a minor combustion-impioving amount of 

a 1 .5 Id 10,000 ppm of a fixel-soluble manganese carbonyl compound; 

b. 4.0 to 10,000 ppm of a fliel-soluble alkali or alkaline earth metal-containing 
detergent; 

and a minor stabilising amount ofi 

c. 0. 1 to 6^000 ppm of a fuel-solubte metal deactivator of tfie cheladon ^e which 
has die cqiability of reacting or complexing with dissolved metal and/or metal 
ions; 

d. 15,000 ppm or less of a fuet-soluble demulsifying agent; and 

e. 4,000 ppm or less of a fuel-soluble aliphatic or cydoaliphatic amine. 

A composition according to claim 1 wherein component a) comprises at least one 
cyclppentadienyl manganese tricarbonyl compound. 

A composition according to claim 1 or 2 wherein con^ionent b) comprises at least one 
overbased alkali or alkaline earA metal-containing detergent 

A composition aoooiding to claim 1, 2 or 3 wherein component c) consists essentially of 
at least one fiielj-soluble Schiff base having one or more chelation centers of the formula 




wherdn the aromatic ring can contain uptD4 iimociKMJssubstituaits in place of 
hydrogen atoms* 
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5. A composition according to any one of claims 1 to 4 which contains e) at least one fuel- 
soluble N-cycloalkyl-N,N-diaIkylamine. 

6. A composition according to any one of claims 1 to S vAdch contains 1 0 ppm or less 
halogen. 

7. A fuel additive composition which comprises ingredients a), b), c), optionally d) and 
optionally e) as defined in any one of claims 1 to S. 

8. A method of improving the combustion characteristics and stability of a liquid fuel, said 
liquid fuel containing a major amount of a hydrocarbonaceous liquid fuel, which 
comprises blending therewith a minor combustion-improving amount of ingredients a), 
b), c), optionally d) and optionally e) as defined in any one of claims 1 to 5. 

9. A composition according to claim 2 wherein said cyclopentadienyl manganese tricarbonyl 
compound consists essentially of methylcyclopentadienyl manganese tricarbonyl. 

10. A composition according to claim 3 wherein said overbased alkali or alkaline earth metal- 
containing detergent consists essentially of at least one sulphonate detergent. 

11. A composition according to claim 1 0 wherein said sulphonate detergent is an overbased 
calcium sulphonate detergent. 

12. A composition according to claim 4 wherein said aromatic ring vAnch can contain up to 4 
innocuous substituents in place of hydrogen atoms is a salidylidene diamine. 

13. A composition according to claim 12 wherein said salidylidene diamine is an N,N'- 
disalicylidene-l,2-alkanediamine or N,N'-disalicylidene-I^-cycloalkanediamine. 
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14. A composition according to claim 1 3 \^erein said N^'-disalicylidene- 1 ^- 
aikanediamine or N,N'-disalicyUdene-l ^-cycloalkanediamine is N,N'-disalicylidme-l ,2- 
propanediamine. 

15. A composition according to claim 5 wherein said N-cycioalkyl-N J4-dialkylamine is 
N-cyclohexyl-N»N-dimethylamine. 

16. A composition according to any one of claims 1 to IS i^erein the proportions of 
components a), b) and c) in parts by weight are 2.5-l,S00 : S-ejOOO : 0.5-1,000. 

17. A composition according to any one of claims 1 to 1 6 wherein the proportions of 
components a), b) and c) in parts by weight are 3-100 : 6-300 : 1-500. 

1 8. A composition according to any one of claims 1 to 1 7 wherein the proportions of 
components a), b) and c) in parts by weight are 3-25 : 6-100 : 1 .5-1 00. 

19. A composition according to any one of claims 1 to 1 8 which is firee of any detectable 
quantity of contained halogen. 



